Background: To study iliofemoral venous thrombosis related to iliofemoral venous obstruction in cancer patients. Methods: In this case series study, 829 cancer patients were surveyed for iliofemoral obstruction/thrombosis within 10 years. The criteria for inclusion were: (1) Case Rep Oncol 2016;9:760-771 
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Introduction
Cockett et al. [1] reported that iliofemoral thrombosis is related to iliac vein compression. Unilateral lower limb swelling can be a secondary sign because of the presence of a malignant pelvic tumor [2] . The thrombosis can be of lymphatic or venous origin, or a combination of both as a result of lymphedema in cancer patients. Malignancy recurrence or posttreatment procedures, such as irradiation and/or surgery, can also lead to lymphatic obstruction. Vasogenic edema in malignancy is either related to venous stasis in the vessel lumen or a result of external tumor compression [2, 3] .
In this case series study, we investigated iliofemoral vein obstruction in cancer patients in correlation with abdominal computed tomography (CT) scans, duplex ultrasound findings, and D-dimer levels. The management of iliofemoral vein obstruction with low-molecularweight heparin (LMWH) was also examined.
Patients and Methods

Study Population
Between October 2006 and July 2015, we conducted a retrospective case series study using data collected from patients admitted to the oncology wards of Chang-Gung Memorial Hospital, Taoyuan, Taiwan. A single physician provided most of the data. The physician's field of expertise was urological cancer, and the majority of the patients had urothelial carcinomas. Of these patients, 63 of 829 (8%) were also diagnosed with iliofemoral venous obstruction.
Diagnosis was based on symptoms, CT findings, and positive duplex ultrasound findings. The criteria for inclusion in the study were: (1) the presence of a unilateral lower-extremity swelling; (2) a CT scan demonstrating a tumor with external compression of the iliac or fem-oral vein, and (3) a duplex ultrasound revealing vein thrombosis or venous flow insufficiency over a femoral vein or saphenous vein.
For the purpose of the correlation between iliofemoral venous obstruction and the presence of iliofemoral venous thrombosis, CT scan rather than venography can evaluate tumor extent and the level of iliac venous obstruction [4, 5] . CT scan in the study traced along from their femoral vein, external iliac vein, common iliac vein and inferior vena cava, and from vascular patency to obliteration by their tumor to detect the compression site. A duplex ultrasound was also done during the presence of a unilateral lower-extremity swelling to detect femoral venous thrombosis or venous flow insufficiency [6] [7] [8] . The only exclusion criterion was the presence of bilateral lower-extremity swelling because of the probability of an inferior vena cava lesion. Abnormal venous flow was defined as a condition where venous flow reflux or venous flow insufficiency without the presence of thrombosis occurred [8] .
The data regarding each patient that we took into consideration were: (1) the presence of external tumor compression of the iliac or femoral vein, as indicated by CT scan; (2) Ddimer test results; (3) chest plain film findings; (4) complete blood counts; (5) activated partial thromboplastin time (APTT) and prothrombin time (PT) and C-reactive protein (CRP) in selected patients; (6) other thromboembolic complications, and (7) other paraneoplastic syndromes. We applied a cutoff value for the D-dimer test results of 500 ng/ml. Common thromboembolism-associated complications, including symptoms of pulmonary venous obstruction [9] , which alter the level of consciousness/change in mental status [10] , as well as paraneoplastic pain were observed among these patients. Paraneoplastic pain is defined as breakthrough pain occurring in the absence of an identifiable precipitating cause [11] . Cerebral thromboembolic complications and/or paraneoplastic pain were clinically suspected in most patients because of the difficulty in making a definite diagnosis. Common paraneoplastic syndromes included neoplastic fever (tumor-related fever with good response to the naproxen test) [12] , cachexia syndrome (simultaneous weight loss of more than 5% within 6 months, reduced food intake, and muscle wasting) [13] , hypercalcemia (serum calcium level >11 mg/dl), leukemoid reaction (peripheral white cell count >20,000/μl without evidence of infection or leukemia), and prerenal azotemia (defined as a blood urea nitrogen (BUN)/creatinine ratio >20).
The principle investigation was to assess the correlation between iliofemoral venous obstruction and the presence of iliofemoral venous thrombosis. The variables considered included age, sex, D-dimer value, tumor size, primary tumor, compression location, and cause of compression (lymph nodes or mesenteric tumor).
Treatment was a subcutaneous injection of LMWH (either Fraxiparine, by GlaxoSmithKline, or Enoxaparin, by Sanofi-Aventis), intravenous dexamethasone, and intravenous fluids with/without furosemide when pulmonary vein obstruction syndrome (PVOS) with acute respiratory distress occurred. Further, chemotherapy, targeted therapy, or hormone therapy was conducted depending on the patient's condition. CT scans were obtained from the hospital picture archiving and communication system (PACS). All patients gave verbal informed consent to participate in this study. The protocol of this study was approved by the Institutional Review Board of Chang Gung Memorial Hospital and University (License No. 104-5854B).
Statistical Methods
Continuous D-dimer level data (presented as mean ± standard deviation) were gathered, and survival time was calculated from the time of the diagnosis of an iliofemoral venous obstruction to the patient's expiration. Survival curves were determined using the KaplanMeier method. We used the χ 2 test in SPSS 23.0.0.2 (IBM) to detect differences between subgroups, and a p value <0.05 was considered statistically significant.
Results
We included 63 consecutive cancer patients (37 men and 26 women; 24-94 years old; median age: 62) in this study. The patients' clinical characteristics are shown in Table 1 . The patients had various types of metastatic tumors. Urothelial carcinoma was the most common diagnosis, the urinary tract being the most frequent primary site (n = 46), and the bladder (n = 29), ureter (n = 8), renal pelvis (n = 5), prostate (n = 2), or penis (n = 2) as secondary sites. The second most common primary site was the gastrointestinal tract (n = 9), with the colon (n = 3), gastric region (n = 3), rectum (n = 2), or anus (n = 1) as secondary sites. The remaining malignant tumors (n = 7) were lung (n = 2), unknown primary site (n = 2), breast (n = 1), cervix (n = 1), or sarcoma (n = 1). Sixteen patients (25%) had an Eastern Cooperative Oncology Group (ECOG) performance status of 2 or greater. Common thromboembolic complications occurred in 25 patients (40%), including consciousness disturbance (n = 16), pulmonary venous obstruction (n = 8), paraneoplastic pain (n = 3), and superficial thrombophlebitis (n = 2). Of these 25 patients, 6 were associated with multiple thromboembolic presentations. Of the 16 patients with altered mental status, 2 had evidence of cerebral infarction on magnetic resonance imaging (MRI) and confirmed by angiography. There were 27 patients (43%) with paraneoplastic syndromes, 2 with cachexia syndrome and neoplastic fever, and 8 with leukemic like reactions. Of those with paraneoplastic syndromes, 3 had more than 1 class of syndrome.
D-dimer levels and complete blood counts were measured for all patients. The mean Ddimer value was 3,414 ± 2,369 ng/ml (640 to >10,000 ng/ml). D-dimer values over 3,000 ng/ml were recorded in 36 patients (57%). There were 40 patients (63%) with hemoglobin levels below 10 g/dl, 23 (37%) with elevated white blood cell counts (>10,000/μl), and 5 (8%) with decreased platelet counts (<100,000/μl). APTT and PT were assessed in 22 patients. Of these, 2 (3%) had APTT values >36 s, and all had PT values <15 s. Albumin values were <3.0 g/dl in 18 (37%) of the 49 patients. CRP was monitored in 14 patients. The mean CRP value was 86 ± 74 mg/l (55.9-115.1 mg/l).
The correlation of iliofemoral venous obstruction with iliofemoral venous thrombosis is shown in Table 2 . Duplex ultrasound was performed in 62 patients, and 1 patient was diagnosed by CT scan only (Fig. 1) . Abdominal CT scans were performed in all 63 patients, and revealed external vessel compression caused by a tumor, including femoral vein compression at the inguinal region in 26 patients (41%), and iliac vein compression in the pelvic region in 37 (59%). The tumors were characterized as lymph nodes in 33 patients (53%) and as mesenteric lesions in 30 patients (47%), and were <3 cm in size in 23 patients (36%) and ≥3 cm in 40 (64%). The CT scan of 1 patient also detected a pulmonary embolism (Fig.  2) . One patient with bilateral iliofemoral venous thrombosis was diagnosed by duplex ultra- sound. In addition to iliofemoral venous obstruction, 21 (33%) of the patients also had iliofemoral venous thrombosis, 13 (21%) had no venous thrombosis but abnormal venous flow (Fig. 3) , and the remaining 29 (46%) had no venous thrombosis and normal venous flow (Table 2) . Figure 3a , b shows left iliac vein narrowing as a result of external compression caused by the tumor. For 1 of the patients who had no venous thrombosis but abnormal venous flow (according to duplex ultrasound), radionuclide lymphatic venography revealed a lymphatic obstruction at the iliac vein level (Fig. 3c) . Patients with femoral vein compression in the inguinal region, D-dimer values >3,000 ng/ml, cancer of gastrointestinal origin, or invasion of the inguinal lymph nodes had a high risk of iliac venous thrombosis ( Table 2) . Lower-extremity swelling aggravated by chemotherapy was observed in 2 patients. None of our patients with iliofemoral venous thrombosis had a detection of iliofemoral venous obstruction.
LMWH therapy was administered to 62 of the patients (1 patient refused the therapy); 29 were treated with Fraxiparine (3,800 or 5,700 IU daily) and 33 with Enoxaparin (6,000 IU daily). Fifty of the patients treated with LMWH therapy also received additional systemic therapy, including chemotherapy (n = 48) and hormone therapy (n = 2). The symptom of lower-extremity swelling improved in 42 (84%) of these patients. Seven patients received secondary prevention treatment involving LMWH, and 6 had signs/symptoms of recurrent lower-extremity swelling.
The follow-up period ranged from 1 day to 119 weeks. One patient was lost to follow-up, and 55 were treated and observed until death or by the end of the study (July 2015). Seven patients were still alive by July 2015. The median overall survival time, calculated using the Kaplan-Meier method, was 17 weeks.
Discussion
Iliofemoral venous obstruction occurred in 8% of the patients who had been hospitalized at Chang-Gung Memorial Hospital with various types of malignant cancer. All iliofemoral venous obstructions were related to metastatic malignant disease. Iliofemoral venous obstruction is also frequently associated with other thromboembolic complications [13] [14] [15] [16] , and in addition, a small number of patients exhibited other paraneoplastic syndromes [16] . The situation was similar to Tully's report [17] of a high incidence of vascular thromboembolic events in patients with metastatic or unresectable urothelial cancer treated with platinum chemotherapy.
Virchow described the 3 elements (venous stasis, endothelial injury, and hypercoagulability) that are thought to contribute to venous thromboembolism (VTE) [14] . The mechanism of the prothrombotic state is particularly complex in cancer patients, since cancer cells can activate the hemostatic system via the expression of adhesion molecules, release of inflammatory cytokines, and production of hemostatic factors [15] . However, only one third of the patients with iliofemoral venous obstruction also had iliofemoral venous thrombosis. One fifth of the patients exhibited abnormal venous flow despite having no iliofemoral venous thrombosis. Harris et al. [16] reported that iliofemoral venous obstruction can occur without thrombosis, and Gupta et al. [18] found a case with iliofemoral venous thrombosis caused by external compression with vesical diverticulum. We found that patients with fem-oral vein compression in the inguinal region, higher D-dimer levels, cancer of gastrointestinal origin, or lymph node venous compression had a high propensity for iliac venous thrombosis. Most of the patients had inguinal lymph node metastasis. Detection of femoral venous thrombosis was easier with a duplex ultrasound compared to other pelvis locations with tumors close to the femoral vein causing vascular stasis and injury. Gastrointestinal cancer was also characterized by hypercoagulable status than other malignancies. Vascular stasis, vascular injury, and hypercoagulation probably play an important role in thromboembolism, as does iliofemoral venous thrombosis in cancer patients [14, 15] . All patients in this study showed iliofemoral vein external tumor compression. Cancer of gastrointestinal origin was also characterized by a hypercoagulable status, and lower-extremity swelling aggravated by chemotherapy was observed in 2 patients; hence, cytokines may be involved in the mechanism of the formation of iliofemoral venous obstructions [17] .
No iliofemoral venous thrombosis but abnormal venous flow was found in 21% of the patients [12] in abnormal venous flow states, venous blood refluxes or backward down the veins into an already congested leg [8] . This is related to blockage by tumor external compression in our study.
An iliac lymphatic obstruction was observed in 1 patient. Lymphedema generally has nonpitting characteristics. The location of the edema was related to the iliac lymphatic obstruction in the pelvic area near the lateral abdominal wall. The symptom of unilateral leg swelling, which is related to blockage by tumor, is usually caused by a lymphatic and venous edema. This differs from noncancer etiology; for example, heart disease patients have a higher tendency for bilateral leg edema, with the edema located near the femoral region.
The treatment principle used was according to procoagulant mechanisms. The aim is to relieve external compression and to decrease hypercoagulation. The source of the external compression can be a vascular and/or lymphatic obstruction. Heparin and/or a stent are usually used to treat noncancer-related iliofemoral venous thrombosis, whereas LMWH and combined systemic therapy are used to treat a vascular and/or lymphatic obstruction [19] [20] [21] [22] [23] [24] . Improvement of lower-extremity swelling was noted in 84% of the patients, suggesting that the treatment principle followed was correct. Furthermore, we also conducted secondary prevention [20, [22] [23] [24] .
Our study has several important limitations. First, the data was collected from retrospective case cohort study in a single center mainly from a single physician. Second, the majority of the hospitalized patients had urothelial carcinomas with small case number. None of the patients with iliofemoral venous thrombosis had a detection of iliofemoral venous obstruction and therefore the definite conclusion could not be made. Third, our image studies lack contrast venography and/or radionuclide venography to confirm venous and lymphatic obstruction. Fourth, mental status change related to thromboembolic complication is seldom proven by image study. Fifth, the absence of tissue confirmation of the diagnosis.
In conclusion, cancer patients with an iliofemoral venous thrombosis mainly had iliofemoral venous obstruction by external tumor compression. However, only one third of the patients with this complication also showed signs/symptoms of iliofemoral venous thrombosis. Femoral vein compression in the inguinal region, high D-dimer levels, cancer of gastrointestinal origin, and external vessel compression with lymph node characteristics One patient was found to have iliofemoral venous thrombosis via CT scan, instead of duplex ultrasound (not done). One patient was diagnosed with bilateral iliofemoral venous thrombosis by duplex ultrasound.
